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ABSTRACT 


A  dye  tracer  study  was  conducted  in  the  Weymouth  Fore  River 
Quincy,  Massachusetts  far  the  purpose  of  determining  the  tiros 
required  to  remove  or  reduce  to  permissible  concentrations  any 
contaminating  material  released  as  a  point  source  in  the  river. 
The  test  consisted  of  releasing  a  quantity  of  Rhocjamine-B  dye 
into  the  water  and  monitoring  the  dilution  and  dispersion  of  the 
dye  by  continuous  fluororre trie  analysis  of  the  water  and  by 
aerial  photographs  of  the  dye  patch.  Results  of  the  test  are 
compared  with  theoretical  flushing  times  computed  previously.  , 
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7IKTD  REi  .FT,  WEYKOtJTH  FCKE  RIVER 
DTE  DJSJERSAL  TEST, 

OUIN-’Y,  MASS/; IHUSETTS 


t ,  imtt :du:ti;« 

Ike  Oeeanographi c  Office  has  c ar.pl e ted  theoretical  studies  of 
tv 3  flushing  characteristics  of  17  harbors  .and  estuaries  in  the 
'Jni  ted  States.  m  order  to  evaluate  the  result  of  t!  ese  theoretical 
stall es  prototype  field  dye  dispersal  tests  were  tlarr*.*-.  for 
several  cf  tie  harbors  and  estuaries  exhibiting  different  physical 
characteristics.  One  of  these,  the  Weymouth  Pore  River  rt 
nuir.cy.  Mcsse chase tts,  was  selected  because  the  tl  c  creti  cal  rep  orb 
was  based  on  a  very  limited  amount  of  data. 

It!  an  estuary  such  ps  the  Weymouth  Fore  River  {figure  l), 
three  principal  methods  can  he  used  for  predicting  the  Illation 
and  dispersion  of  a  contaminant .  These  are  discussed  in  detail 
in  reference  (l)  of  the  bibliography .  Briefly,  these  methods  are' 
a  Tidal  prism  method  —  Basically,  in  thi3  method  the 
rate  of  dilution  and  dispersion  of  a  contaminant  depends  on  the 
total  volume  of  water  transported  Beaward  through  a  given  seg¬ 
ment  of  the  estuary  defined  by  the  average  excursion  of  a  water 
particle  cr.  the  flood  current, 

b.  Diffusion  equation  method  —  When  a  coefficient  of 
diffusion  can  be  determined,  the  rate  of  dilution  ar.J  Jispersin. 
of  a  contaminant,  by  the  natural  turbulence  in  o.  water  body  may 
oe  predl  -ted 


c.  Advaction  nBthod  —  The  movement  of  a  contaminant  released 
in  a  tidal  estuary  may  be  predicted  from  a  knowledge  of  the  tidal 
currents  in  the  estuary . 

%  The  results  of  the  Weymouth  Fore  River  dye  dispersion  test  are 

reported  herein,  and  comoarisons  are  made,  when  possible,  with 
the  theoretical  results  in  an  attenrothto  determine  the  validity 
of  the  above  methods  as  applied  to  this  area. 

II.  TEST  PROCEDURES  AMD  DATA 

A.  General  test  procedures  —  The  general  test  procedures 
were  similar  to  those  followed  during  dye  dispersion  tests  con¬ 
ducted  previously  in  Mare  Island  Strait,  California  (2)  and 
Pearl  Harbor,  Hawaii  (3).  These  consisted  of  releasing  a  quantity 
of  a  fluorescent  dye  (Rhodamine-B  or  fluorescein)  into  the  water 
and  monitoring  its  dilution  and  dispersion  until  the  concentration 
decreased  below  the  threshold  of  the  sampling  equipment  or  until 
other  factors  such  as  weather  conditions,  ship  traffic,  etc.  re¬ 
stricted  monitoring.  Sampling  equipment  consisted  of  a  Turner 
Model  HI  Fluorometer  equipped  with  a  continuous  flow  sample 
compartment  and  attached  recorder.  This  equipment  is  capable  of 
detecting,  under  optimum  conditions,  concentrations  as  low  as 
two  oarto  of  dye  per  hundred  billion  parts  of  water.  The  Fluor  - 
coster  and  attached  recorder  are  compact  portable  Instruments  that 
can  b«  mounted  easily  aboard  a  small  vessel  for  continuous  analysis 
*  of  water  samples  as  the  boat  traverses  the  dye  patch  in  a  harbor 

v  or  estuary.  Water  from  selected  depths  is  pumped  through  the 
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Fluorometer  which  continuously  measures  the  dye  content  of  the 
water,  thus  providing  a  comprehensive  record  of  the  dilution 
and  dispersion  of  the  dye  throughout  a  harbor  or  estuary. 

Sampling  procedure  during  this  test  was  similar  to  that 
followed  during  previous  dye  dispersal  tests  conducted  by  this 
Office.  Throughout  tba  part  of  the  test  whan  the  dye  patch  was 
plainly  visible,  the  orocedura  consisted  of  traversing  the  dye 
patch  at  specified  time  intervals  to  determine  the  spstiaD  dis¬ 
tribution  of  dye  within  the  notch.  Sampling  throughout  tl»  test 
was  limited  almost  entirely  t.o  a  depth  of  approximately  6  feet 
because  of  the  large  regions  of  shallow  water.  However,  in  the 
deeper  waters  of  the  channel  and  harbor  proper,  the  sampling  hose 
was  ueriodically  lowered  to  the  bottom  in  order  to  determine  the 
deoth  to  which  the  dye  had  penetrated. 

To  supplement  the  data  obtained  by  water  sampling,  aerial 
photographs  of  the  dye  patch  were  taken  at  30-minute  intervals 
after  dye  release  except  for  two  photographs  taken  10  and  15 
minutes  after  release.  Photograohs  we^e  discontinued  at  1230 
(3  hours  15  minutes  after  release)  when  the  dye  patch  became  too 
diffuse  for  serial  photography.  The  scale  of  the  ohotographs 
varied  considerably  because  they  were  taken  at  various  camera 
angles  from  different  altitudes.  To  present  a  comprehensive 
picture  of  the  movement  of  the  cfye  pstch  in  the  river,  the  out¬ 
line  of  the  dye  oatch  determined  from  each  of  the  ohotographs  was 
reduced  to  the  same  scale  and  reoroduced  in  Figures  2  through  6. 


After  113C,  c.jly  the  leading  edge  of  the  dye  patch  is  shown  because 
the  trailing  edge  had  become  so  diffuse  that  a  well-defined  out¬ 
line  could  no  longer  be  determined. 

After  the  dye  patch  was  no  .longer'  visible,  the  sampling 
procedure  consisted  of  designating  a  number  of  stations  through¬ 
out  the  test  area  (Figure  1)  and  measuring  the  dye  concentration 
at  various  times  at  each  of  the  stations  encompassed  by  the  dye, 

B«  Preliminary  survey  --  On  12  September  1961,  several 
sampling  runs  were  made  throughout  the  Weymouth  Fore  River,  Town 
River  Bay,  Bingham  Bay,  and  Hull  Bay  to  determine  the  background 
fluorescence  of  the  water.  The  background,  which  consists  of  the 
natural  fluorescence  of  the  water  and  false  readings  of  fluorescence 
caused  by  turbid  water,  remained  relatively  constant  throughout 
the  area.  However,  in  shallow  water,  where  turbid  water  was  prev¬ 
alent,  the  background  varied  considerably  and  introduced  some 
error  into  the  final  results  of  the  test,  although  corrections  were 
made  whenever  possible  to  reduce  1*6  error  to  a  minimum. 

C.  Test  data  —  The  dye  dispersion  test  was  conducted  in  the 
Weymouth  Fore  River  during  the  period  13  through  20  September  1961.. 
On  13  September,  aoproximstely  30  gallons  of  a  solution  containing 
100  lb.  of  Rhodamine-B  dye  were  released  as  a  point  source  in  the 
Weymouth  Fore  River  at  tho  point  indicated  in  Figure  2.  The  dye 
solution  (initial  concentration  O.hO  e/cn)  was  released  at 
0915  EOT,  approximately  one  hour  after  slack  before  flood.  Im¬ 
mediately  after  release,  the  dye  wee  carried  southward  in  the 


Woy;.:ou  th  Fore.-  :-j  >er  by  the  flood  currant  -  Tho  dys  was  trans¬ 
ported  into  th i  shallow  erabayment  south  of  North  Weymouth  and 
southward  through  tho  Weynouth  Fore  River  as  far  as  East  Braln- 
tree.  The  .major  pert  of  the  oj a  '-amaioed  ei/tranped  in  this  general 
• egi on  (Figure  ?v::nd  acted  as  a  continuous  source,  with  a  slow 
net  outward  flew  cf  dye.-  The  progression  of  the  dye  natch  from 
the  time  of  release  until  uhe  patch  was  no  longer  visible  iB  in¬ 
dicated  in  iguT'38  2  through  8.  These  figures  "ere  constructed 
primarily  fro:..  Iho  aerial  Photographs  of  the  dye  natch. 

From  13  through  20  September,  dye  concentrations  were  measured 
at  various  time  intervals  at  as  many  of  the  sampling  stations  as 
possible..  The  dye  concentrations  for  various  times  after  release 
at  selected  stations  are  listed  in  Table  1.  Measurements  of  dye 
concentration  also  were  made  at  stations  other  than  those  listed 
and,  in  addition,  concentrations  were  measured  continuously 

while  transiting  between  stations .  These  data  are  not  listed  be¬ 
cause  the  data  for  the  stations  indicated  in  the  table  were 
considered  sufficient  to  present  a  general  picture  of  the  dye 
distribution. 

The  measurements  of  dye  concentration  at  the  6-foot  depth 
were  plotted  on  a  chart  of  the  area,  and  isopleths  of  dye  <-on- 
centrat  on  were  drawn;  Figures  10  through  12  show  the  distribution 
of  dye  determined  by  this  method.  Isopleths  were  not  ’rawn  for 
times  greater  than  1?6  hours  after  release  because  the  spatial 
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concentration  of  dye  indicated  little  variation  throughout  the 

test  area. 

The  actual  configuration  of  the  dye  patch  at  all  times  was 
more  irregular  than  shown  in  the  figures,  and  smooth  isopleths 
were  drawn  to  present  a  general  'description  of  the  distribution 
ar.d  movement  of  the  dye-  Measurements  of  dye  concentrations  at 
all  stations  and  between  stations  were  considered  in  the  con¬ 
struction  of  the  isopleths,  although  the  data  are  not  listed  in 
the  tables.  Lowest  concentration  indicated  in  the  figures  is 
1  x  10"-*-0  j/eo;  lower  concentrations  were  measured,  but  the 
reliability  of  the  oata  decreased  rapidly  below  this  value  because 
slight  background  variations  introduce  a  significant  error  at 
these  low  concentrations- 

The  time  required  to  comole te  a  circuit  of  the  dye  patch 
and  measure  the  dye  concentration  at  each  station  within  the  patch 
varied  considerably.  The  time  elapsed  depended  on  the  areal  ex¬ 
tent  of  the  dye  natch  and  the  number  of  delays  caused  by  equipment 
maintenance  and  ship  traffic.  To  obtain  a  completely  accurate 
picture  of  the  dye  distribution  throughout  the  test  area,  the 
measurements  would  have  to  be  trade  simultaneously  at  each  station. 
However,  the  error  introduced  by  nonsynoptic  sampling  was  considered 
negligible  because  of  the  slow  change  in  the  dye  distribution 
during  the  latter  part  of  the  test. 

Figures  10  through  12  clearly  indicate  the  region  in  which 
the  dye  was  entrapped.  The  figures  also  show  that  the  dye  moved 
slowly  out  of  the  region  of  entrapment  through  the  Weymcuth  Fore 
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River  arri  into  Hingham  Bay,  The  net  outflow  of  the  dye  continued 

A  ,■  ,  a 

throughout  the  test  period,  and  by  20  September,  the  final  dey 
the  test,  concentrations  had  been  reduced  to  value*  near  background 
level . 

Because  of  the  low  dye  concentrations  in  Hingham  jay,  the 
direction  of  movement  of  the  dye  in  the  bay  was  difficult  to 
determine  accurately.  However,  from  the  limited  amount  of  data 
obtained,  a  net  outflow  through  Nantaskst  Gut  and  West  Gut  is 
indicated.  The  major  outflow  through  Nantasket  Gut  tends  to 
verify  the  resultant  current  chart  in  the  theoretical  report. 

The  dye  also  began  moving  into  Town  River  Bay  with  the  flood 
following  the  first  ebb  after  release  as  predicted  in  the  theoretical 
report}  because  of  aooroaching  darkness  sampling  was  discontinued 
shortly  after  the  flood  began.  From  the  data  obtained  it  is 
estimated  that  a  maximum  dye  concentration  of  approximately  1.0 
1.0  x  10~7  e/cc  was  reached  in  Town  River  jay  at  about  15 
hours  after  release.  The  dye  remained  in  Tcwn  River  aay  through¬ 
out  the  test,  with  a  net  outflow  into  the  Weymouth  Fere  River 
which  proceeded  at  about  the  same  rate  as  the  outflow  from  the 
major  region  of  entrapment  south  of  North  Weymouth. 

The  decrease  in  concentration  of  the  dye  with  time  is  shown 
in  Figure  13.  The  curve  represents  the  highest  concentretion  of 
dye  measured  at  a  depth  of  6  feet  at  various  timse  after  release, 
regardless  of  location.  The  most  significant  feature  of  the  curve 
le  the  rapid  decrease  in  concentration  during  tha  first  two  hours 
sfter  release  which  n»y  be  attributed  to  the  Initial  dilution  by 


thi  receiving  waters.  Thereafter,  concentrations  decreased  at  a 
each  elower  rate  until  they  reached  the  background  level*  Figure 
13  bIbo  shows  the  tine-concentration  curve  for  Town  River  Bay, 
which  indicates  the  estimated  Desk  concentration  and  the  observed 
decrease  in  concentration. 

The  test  results  indicate  the  behavior  of  a  contaminant  released 
as  a  Doint  source  near  alack  before  flood,  one  of  the  worst  possible 
times  for  a  contaminant  release  in  the  Weymouth  Fore  River.  A 
release  at  slack  before  ebb  or  during  the  ebb  would  result  in  an 
outward  (norths '-aterly)  transport  of  the  contaminant.  The  con¬ 
taminant  would  be  carried  into  Bingham  and  Hull  Bays,  and  part 
would  be  transported  out  of  the  bays  through  Nantastot  and  Weat 
Out.  On  the  following  flood,  the  direction  of  flow  would  reverse 
and  the  contaminant,  greatly  diluted  by  the  volume  of  water  in  the 
river  and  bays,  would  be  carried  back  into  the  Weymouth  Fare  River 
and  Town  River  Bay  where  it  would  follow  essentially  the  same 
course  as  that  described  in  this  dye  test.  However,  concentrations 
would  be  much  lower,  entraoment  would  not  be  as  great,  and  the 
flushing  rate  would  be  more  raoid  than  for  a  contaminant  released 
at  slack  before  flood  or  during  ths  flood.  A  dye  test  to  describe 
the  behavior  of  a  contaminant  released  at  slack  before  ebb  had 
been  planned,  but  Inclement  weather  forced  a  cancellation  of  the 
test. 

III.  COMPARISON  OF  THEORETICAL  AtT>  TEST  RESULTS 

The  Drinclpal  aim  of  the  test  was  to  compare  theoretical  and 
observed  dilution  and  dispersion  of  a  contaminant  in  the  Weymouth 
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Fore  River. 


JU  Modified  tidal  prism  method  —  In  the  theoretical  study 
of  the  Weymouth  Pore  River,  the  modified  tidal  prism  method  WfcB 
aoolied  to  the  section  o*'  the  Weymouth  Fore  River  extending  frtm^  ~ 
East  .iraintree  to  a  line  connecting  Houghs  *teck  and  Lower  Week 
(Figure  l) .  However,  only  the  region  from  East  Braintree  to  a 
line  connecting  Shipyard  Point  with  King  Cove  (Figure  1)  was  used 
in  the  comparison  because  the  observed  data  are  most  reliable  for 
this  region. 

One  of  the  basic  assumotions  of  the  tidal  prism  theory  is  that 
the  contaminating  material  must  be  distributed  uniformly  both 
horizontally  and  vertically  throughout  the  estuary.  Thus,  valid 
comparison  of  the  predicted  curve  and  the  test  curve  cannot  be 
made  until  the  dye  is  uniformly  distributed  throughout  the  specified 
arfea.  During  this  test,  a  uniform  distribution  of  dye  throughout 
the  area  was  closely  approached  at  6  hours  after  release. 

The  observed  curve  is  compared  with  the  predicted  curve  in 
Figure  13.  Only  the  portions  of  the  curves  beyond  6  hours  after 
release  are  considered  in  the  comparison.  The  curves  show  fairly 
close  a  'reement,  the  observed  concentrations  being  aonroximately 
one  order  of  magnitude  greater  than  the  Dredicted  concentrations. 
This  difference  in  concentrations  can  be  attributed  in  part  to  the 
lack  of  uniform  mixing  of  the  dye  throughout  the  specified  area. 

The  slopes  of  the  curves  are  essentially  ths  same,  indicating  a 
very  close  agreement  in  the  observed  and  predicted  rate  of  decrease 
in  the  concentrations  throughout  the  area. 

To  simplify  the  test  results  and  make  them  applicable  to 


other  amount 6  of  a  dissolved  contaminant  released  in  the  Weymouth 
ForeBlver,  a  set  of  emoirical  dilution  factors  (Table  2)  has  been 
computed.  They  were  derived  primarily  from  the  curves  in  Figure 
13  and  can  be  used  to  estimate  the  peak  concentrations  in  the  river 
when  a  known  amount  of  a  contaminant  is  released.  The  dilution 
factors,  when  multiplied  by  the  amount  of  the  contaminating  mat^ial 
released,  will  give  the  oeak  concentration  at  the  time  indicated. 

The  dilution  factors  may  be  used  for  a  contaminant  released  during 
any  phase  of  the  tidal  currents  (flood  or  ebb);  however,  the  con- 
oent rations  for  a  release  during  ebb  are  overestimated,  especially 
for  times  greater  than  It  hours  after  release. 

B.  Uif fusion  equation  snd  advection  methods  —  Data  obtained 
during  this  teat  were  insufficient  to  determine  the  rate  of  dispersion 
and  dilution  of  a  contaminant  in  the  Weymouth  Fore  River  by  appli¬ 
cation  of  these  methods. 

I?.  COSCtDPIOVS 

The  results  of  the  dye  tests  describe  the  behavior  of  a  con¬ 
taminant  released  near  slack  before  flood  as  a  point  source  in  the 
Weymouth  Fore  River  for  a  given  set  of  conditions  (location  of 
release  point,  river  discharge,  strength  and  duration  of  the  flood 
currant,  etc.).  Release  of  a  contaminant  under  any  other  conditions 
would  necessarily  alter  these  results.  However,  the  following 
conclusions  derived  ,-rom  results  of  the  test  should  generally  acply 
under  noat  conditions  far  re lease  at  alack  before  flood  or  shortly 
after  flood  begins. 

A.  For  the  first  6-12  hours  after  release,  the  modified 


tidal  prism  method  underestimates  the  rate  of  decrease  in 
concentration  because  it  is  based  on  the  assumption  that  the 
'contaminant  is  initially  distributed  evenly  throughout  the 
section  of  the  river  under  consideration. 

B.  If  mixing  of  the  contaminant  throughout  the  specified 
area  is  coraolete  (6-12  hours  after  release),  the  modified  tidal 
prism  method  allows  prediction  of  contamination  concentrations 
which  are  accurate  within  one  order  of  magnitude  of  the  actual 
concentrations . 

C„  decrease  in  concentration  of  a  contaminant  by  dilution 
is  very  raoid  during  the  first  few  hours  after  release;  there¬ 
after,  decrease  with  time  proceeds  at  a  much  slower  rate  end  is 
due  largely  to  natural  flushing  processes.  Thus,  if  the  mass  of 
a  contaminant  introduced  into  the  river  is  so  large  that  dispersion 
and  dilution  during  the  first  few  hours  (6-12)  do  not  reduce  the 
concentration  below  maximum  permissible  levels,  the  concentrations 
will  remain  above  permissible  levels  for  at  least  IiP  hours  and 
will  extend  over  a  large  region  of  the  river. 

D.  Entrapment  of  high  concentrations  of  a  contaminant  released 
in  the  Weymouth  Fore  River  may  be  expected  in  the  region  south  of 
North  Weymouth.  The  soluble  and  suspended  portions  of  the  contam¬ 
inant  will  be  slowly  transported  out  of  the  region;  however,  the 
sediments  in  the  widespread  mudflats  may  become  contaminated  by 
settling  and  adsorption  of  the  dye  or  other  substance. 

*•  Town  River  Bay  will  remain  free  of  the  contaminant  until 
the  next  flood  following  a  release  during  flood  or  ebb.  During  the 


flood  the  contaminant  will  be  carried  into  the  bey.  However,  con¬ 
centration  of  the  contaminant  will  be  considerably  lower  and 
entrapment  less  extensive  than  in  the  region  south  of  north  Weymouth. 
Again,  the  sediments  in  the  mudflats  may  become  contaminated  by 
adsorption  end  settling. 

P.  For  a  contaminant  released  at  slack  before  ebb  or  during 
the  ebb,  it  is  expected  that  concentrations  generally  will  be 
much  lower,  entrapment  would  not  be  as  great,  and  the  flushing 
rate  would  be  more  rapid  than  for  a  contaminant  released  at  slack 
before  or  during  flood. 
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NORTH  WEYMOUTH 


WEYMOUTH  FORE  RIVER  AND  VICINITY 


FIGURE  2.  POSITION  OF  DYE  PATCH  10  MINUTES  AFTER  RELEASE  (0919) 
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FIGURE  5.  POSITION  OF  DYE  PATCH  I  HOUR  15  MINUTES  AFTER  RELEASE  (0915) 
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FIGURE  13.  COMPARISON  OF  PREDICTED  AND  OBSERVED  DECREASE  OF  PEAK 


